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REMARKS 

Applicant respectfully requests that the foregoing amendments be made prior to 
examination of the present application. 

Claims 1-4 are currently being amended. 

Claims 5-27 are being added. 

After amending the claims as set forth above, claims 1-27 are now pending in this 
application, of which claims 1 and 1 1 are independent. 

Amendments to the Specification 

The specification has been amended to be in a format more typical for US 
applications. No new matter is believed to have been added. 

Amendments to the Claims 

Claims 1-4 have been amended to place them in a format more typical for US 
applications. The amendments are believed to be supported by the specification as filed. 

New Claims 

Claims 5-27 have been added. Claims 5-27 are believed to be supported by the 
specification as filed, including by at least original claims 1-4. 
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Conclusion 

Applicant believes that the present application is now in condition for allowance. 
Favorable consideration of the application as amended is respectfully requested. 

The Examiner is invited to contact the undersigned by telephone if it is felt that a 
telephone interview would advance the prosecution of the present application. 



Date 




Respectfully submitted. 
By ^^^^^ 




FOLEY & LARDNER LLP 
Customer Number: 26371 
Telephone: (414) 297-5839 
Facsimile: (414) 297-4900 



Marcus A. Burch 
Attorney for Applicant 
Registration No. 52,673 
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10/522293 

OTIS Bec'ri PCT7PTO 2 5 JAN 2005 

Atty. Dkt No. 026032-4868 

A METHOD OF DETERMINING TIMING CLEARANCE FROM A POSITION AND AN 

ELECTRICAL CHARACTERISTIC 

CROSS REFERENCE TO RELATED APPLICATIONS . | 

This application is a National Stage of ampli cation PCT/FR03/02170. fil ed July 10. 
2003 , and claims priority to French patent application 02 09434 filed July 25 . 2002. the 
disclosures of which are incorpor ated herein by reference in their entirety. 

FIELD OF THE INVENTION 

The present invention relates to a method of determining timinR_ clearance between 
two moving parts. 

Th e method of the inv e ntion is more particularly usable in engin e s including valves 
each associat e d with a respective valve actuator, and it s e rves to d e termin e th e cl e aranc e that 
exists b e tw ee n the stem of e ach valv e and the moving m e mb e r of th e actuator that co operates 
with th e valve stem in order to mov e th e valve b e tw ee n an op e n position in which the valve is 
spac e d apart from its seat, and a closed position in which the valv e is pr e ss e d against its scat. 

BACKGROUND OF THE INVENTION 

Conventional ^electromagnetic valve actuators exist that comprise, in conventional 
manner, comprise both resilient displacement m eans and electromagnetic actuator means for 
actuating the moving member between two extreme positions which corresponding 
respectively to the open position of the valve and to the closed position of the valve. The 
resilient displacement means generally comprise a spring associated with the moving member 
to return it elastically into its extreme open position, and a spring associated with the valve 
stem in order to return it elastically into its closed position so as to urge the moving member 
elastically into its extreme closed position. The electromagnetic actuator means generally 
comprise an electromagnet ic disp laceme nt means for bringing and/or holding the moving 
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member in its extreme open position, and an electromagnet for bringing and/or holding the 
moving member in its extreme closed position. 

In order to be certain that the valve is properly pressed against its seat when the 
moving member is in its extreme closed positio n and therefore r the moving member and the 
valve are not connected to each other, and- timing clearance commonly r e f e rr e d to as "timing 
cl e arance" is provided between the moving member and the valve stem when the moving 
member is in its extreme closed position and the valve is properly pressed against its seat by 
the spring which is associated therewith. 

Under such circumstances, if the moving member is brought quickly from the extreme 
closed position to the extreme open position, the moving member will strike the valve stem. 
This impact, which in any event is noisy, leads to mechanical stresses and wear of the moving 
member and of the valve stem that can, in extreme cases, lead to damage thereof. It is 
therefore important to know precisely the amount of timing clearance that exists so that the 
electromagnetic means can be controlled firstly to bring the moving member gently into 
contact with the valve stem, and then to accelerate the moving member once it is pressing 
against the valve stem. 

Unfortunately, timing clearance varies while the engine is in operation, in particular as 
a function of temperature, and also over the lifetime of the engine, in particular as a function 
of the wear of the valve and of the various components of the valve actuator. In addition, 
timing clearance can vary from one v^y^actuator to another as a function of their 
manufacturing tolerances. 

In order to determine the timing clearance, a conventional m ethod is known that 
consists in comprises controlling the valve actuator means to move the moving member from 
the extreme closed position to the extreme open position and to detect variation in an 
electrical characteristic gfin the electromagnetic actuator means. This variation in the 
electrical characteristic is caused by the increase in the opposition to movement of the moving 
member once it encounters the valve stem. The timing clearance is then determined by 
measuring the time that elapses between the beginning of the moving member being set into 
motion and the appearance § t§gLof fee-variation in the electrical characteristic. Nevertheless, 
determining timing clearance in that way turns out to be relatively inaccurate. Thus, there is a 
need for a method o f determining timing clearance simply and accurately. 
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An obj e ct of tho inv e ntion is to provid e? m e ans e nabling timing clearance to be 
d e termin e d simply and accurately. 

SUMMARY OF THE INVENTION 

A first embodiment of the invention is a To this e nd, th e inv e ntion provides a method 
of determining timing clearance between a valve stem and a moving member using an 
electromagnetic actuator comprising elect romagnetic displacement means which comprise 
electromagnets for moving the moving me mber between an extreme closed position and an 
extreme open posi tion, the electromagnets of the electromagnetic disp lacement means being 
controlled bv servo-control mea ns on the basis of a reference electrical characteristic. 
b e tw ee n a stem of a valve in an engine and a moving membe r . The method comprising: of 
an el e ctromagnetic actuator comprising electromagn e tic displacement moans for moving th e 
moving memb e r betw e en an e xtrem e op e n position and an e xtr e m e clos e d position of the 
valv e , th e e l e ctromagnetic displac e m e nt m e ans being controlled by servo control m e ans on 
th e basis of a ref e r e nce el e ctrical characteristic. Tho m e thod comprises the steps of: 

controlling the electromagnetic displacement m eans to obtain a substantially 

constant displacement speed that is substantially constant for the moving member as the 
moving m ember moves b etween the extreme closed position and the extreme open position; 

obtaining values of the reference electrical characteristic for intermediate positions 

of the moving member; and and 

detecting an intermediate position at which the reference electrical characteristic is 

subject to a sudden change . The method can further comprise deducing the timing clearance 
from the intermediate position at which the reference electrical characteristic is subject to a 
sudden chang e and the extreme closed p osition. 

O ne advantage of the method is that it is a sim ple, vet accurate method for 
determining timing clearance. A farther advantage of the method is that it can be used to 
determine the timing clearance in a machine wh ile the mach ine is in operation in its normal 
state or in an idle state since the implementation of the method does not interf ere with normal 
operation of the machine and does not generat e additional noise.- 

A second embodiment of the invention is a method of deter mining timing clearance 
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between a valve stem and a moving member using an electromagnetic actuator comp rising 
electromag nets, an electromagnet for moving the movin g member from a close d position 
towards an open position and an elect romagne t for movi n g the mo vin g member from an open 
position towards a closed posi tion, each electroma gnet being controlled on the basis of a 
reference electrical characteristic. The method comprises: controlling an electromagnet to 
obtain a displacement speed f or a mov ing member as the moving member mo ves from one of 
a closed position or an open position towards the other one of an open position or a closed 
position: obtaining values of a reference electrical characteristic for intermediate p ositions of 
the movin g member: and detecti ng an inter mediate position at which the refe rence electrical 
characteristic is subject to a sud den chan ge. The method can further comprise deducing the 
timing cl earance from the intermediate position at which the reference electrical characteristic 
is subject to a sudden chang e and the open p os ition, when the moving member moves 
towards the closed position, and the closed position, when the moving member moves 
towards the open position. 

Other embodiments of the invention which give rise to noisier operation of the 
actuator are also env isaged. One advantage of the se other embodiment is that thev can be 
used when the machine in which the embodiments take pl ace is starting or when th e machine 
is operating at a speed greater than some predetermined sp ee d, such as 2000 revo lutions per 
minute frp mV 

Taking curr e nt as an exampl e of th e r e ference e lectrical characteristic, wh e n th e 
e lectromagnetic means caus e th e moving m e mb e r to move from th e extrem e clos e d position 
to th e extr e me open position, the sudd e n change in reference current is representativ e of a 
sudden incr e as e occurring in th e forc e opposing movement of the moving memb e r. This 
incr e as e in th e opposing forc e produced by the spring returning the valve towards th e clos e d 
position thus t e nds to oppose displacement of the valve towards th e op e n position and occurs 
at th e moment when th e moving m e mb e r com e s into contact with the valv e stem. The 
m e thod of th e invention enabl e s this sudd e n change in the reference curr e nt to b e associated 
immediat e ly with an int e rmediate position of the moving member. Then, knowing th e 
e xtreme starting position and said interm e diate position of the moving member, it is e asy to 
d e duc e ther e from a precise value for th e timing cl e arance. 
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Oth e r charact e ristics and advantages of th e invention app e ar on r e ading th e following 
d e scription of a particular and non limiting e mbodiment of th e inv e ntion. 

These and other objects, adva ntages a nd features of embodiments of the invention. 
to gether with the organizat ion and manner of operation thereof, will become apparent from 
the following detailed description when taken in conjunction with the acco mpanying drawing. 
wherein like elements have lik e numera ls throughout the drawing described below. 

BRIEF DESCRIPTION OF THE DRAWING 

Ref e renc e is made to the sole accompanying figure which is a diagrammatic vi e w of 
an e ngin e valve associated with its actuator d e vic e . 

The invention is describ e d her e in in its application to actuating a valv e 1 of an e ngine 

given overall reference 2. 

Figure 1 is an illustration of a mechan ical devic e comprisin g a valve and a m oving 
member which can be actuated to p erform a method of determini ng timin g clearance 
according to embodiments of the present invention. 

DETAILED DESCRIPTION 

As u sed herein, the term "timing clear ance" means the distance between a first point 
defined as the point at which the moving member 8 is set into motion and a second point 
defined as the point at which the moving member is located at the start of variation in the 
reference electrical characteristic. 

A first embodiment of the inv ention is a metho d of determ ining ti ming clearance 
between a valve stem 3 and a moving m ember 8 using an electromagnetic actuator 
comprising electromagnetic d isplacement means which comprise electromagnets 14 and 15 
for moving the moving member 8 b e tween an extreme closed position a nd an extreme open 
position, the electro magnets 14 and IS of the electromagnetic displacement mean s being 
controlled bv servo-control means on the basis of a reference electrical characteristic. The 
method comprises: controllin g the electromagn etic displacement means to obtain a 
substantially constant displacement speed for the movin g member 8 a s the moving member 8 
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moves between the e xtreme closed position and the extreme open position: obtaining values 
of the reference electrical characteristic for intermediate positions o f the moving member: and 
detecting an intermediate position at which the reference electrical characteristic is subject to 
a sudden change. The method can further comprise deducing the timing clearance fr om the 
intermed iate position at which the reference electrical characteristic is subjec t to a sudden 
change and the extreme closed position. 

A second e mbodiment of the invention is a method of determining timing clearance 
between a valve stem 3 and a moving member 8 using an electromagn etic actuator which 
comprises electromagnets 14 and 15, an electromagnet 15 for moving the moving member 8 
from a closed position towards an op e n position and an electromagnet 14 for moving the 
moving member 8 fr om an open position towards a closed position, each electromagnet being 
controlled on the basis of a reference electrical characteristic. The electromagnets 14 and 15 
can be controlled bv a servo-controller. The method comprises: controlling an electromagnet 
14 or 15 to obtain a displac ement speed for a movin g member 8 as the moving member 8 
moves from one of a closed position or an open position towards the other one of an open 
position or a close d position: obtaining values of a reference electrical characteristic for 
interme diate positions of the moving member 8: and detecting an intermediate position at 
which the reference electrical characteristic is subject to a sudden change. The method can 
further comprise deducing th e timing clearance from the intermediate position at which the 
reference electrical characteristic is subject to a sudden change and the open position, when 
the movi ng member 8 move s towards the closed position, and the closed p os ition, when the 
moving member 8 moves to wards th e open p o sition. Under such circumstances, the 
displacement speed of the moving member 8 can be maintained at a substantially constant 
speed from, for example, a middle intermediate position of the armature 12. 

The embodiments of the invention can be used in engines 2 comprising valves 1 each 
valve 1 associated with a respective actuator 6. T he embodiments serve to determine the 
timin g clearance that exists between each valve stem 3 and the moving member 8 of the 
actuator 6 that cooperates with the valve stem 3 in order to move the valve 1 betwe en an open 
position in which t he valve 1 is spaced apart from its seat 5. and an extreme closed position in 
which the valve 1 is properly pressed against its seat 5. 
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The embodiments of the invention are described with refe rence to Figure L 

The A valve 1 valv e 1 possesses a is comprised of a- stem-3 - valve stem 3 which is 

mounted in a cylinder head 4 . The cylinder head 4 can be located inside of any suitable 
mechanical device, including, but not limited to. a n en gine. The valve 1 is located at some 
point between an extreme closed position, of the engine 2 described b e tw ee n n clon e d 
position in which the valve IJs properly p ressed against a seat 5 of the cylinder head 4, and 
an open position^ in which the valve ijs separated from the seat 5 of the cylinder head 4. 

Between th e s e two positions. the extreme closed position a nd the op en position, the 
valve lis actuated by means of an actuator given overall reference 6 and -which is mounted on 
the cylinder head 4 of a suitable mechanical device. Figure 1 depicts an the-engine 2 as an 
exem plary mechanical device in which the embodiments can op erate. The actuator can be 
mounted on other lo cations within an engine or other suitable mechanical device as well. 

The actuator ^comprises a body 7 having a moving member JLslidably mounted 
therein . The moving member 8 comprises giv e n overall r e f e r e nce 8 and comprising a rod 9 
with a first end 10 arranged to bear against a free end of the stem- ^valve stem 3. of the valv e 
-h-and a second end 1 1 secured to an armature 12 received in a housing 13 of the body 7 to 
slide parallel to the rod 9. 

In conv e ntional mann e r, the The b ody 7 incorporates comp rises electromagnetic 
displacement m eans for moving the moving member 8 . The r 

The-electromagnetic displacement means can comprise an electromagnet 14 for 

holding the armature 12 in an extreme closed position of the valve^i, and an electromagnet 15 
for holding the armature 12 in an e xtreme open position of the valve which m e ans wherein 
the electromagnets are open to two opposite faces of the housing 13 of the body 7. In this 
case, the armature 12 comes into contact with the electromagnet 14 or 15 when it is in the 
corr e sponding extreme closed p osition and the r armature 12 co mes into contact with the 
electromagnet 15 when it is in the extreme open p osition. 

The electromagnets 14 and 15 can bea re servo- controlled in conv e ntional manner by 
means (not shown) for servo controlling them from a reference curr e nt electrical 
characteristic and from a travel-displacement speed of the moving member 8. The method of 
servo-control of devices such as electromagnet s is known to one of ordinary skill in the art. 
Such servo-contro l in an engine, for example, can be performed bv an engine controller unit 
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which makes use of a signal representative of the speed of the armature 1 2 and obtained bv 
computing the derivative of a position signal supplied bv a sensor 16 for sen sing the position 
of the rod 9. The sensor 16 can be any number of types of sensors, including , but not limited 
to. a conventional Hall effect sensor. 

The displacement speed of the moving member 8 can be kep t substanti ally constant 
while the moving member 8 moves from an closed position towards an open position . or at 
least while the moving mem ber 8 is m oving ov er a distance that is greater than the maximum 
possible timing clearance, g iven the geometrical characteristics of the actuator 6. the valve 1 
and the cylinder head 4. 

The reference electrical characteristic can include, but is not limited to. a reference 
current or a reference voltage. This method of servo control is itself known Sueh serve 
control can b e perform e d by the engine controller unit which also mak e s uao of a signal 
repr e sentativ e of th e speed of th e armatur e 12 and obtain e d by talcing th e d e rivative of a 
position signal suppli e d by a s e nsor 16 for s e n s ing th e position of th e rod 9. By way of 
e xample, th e position s e nsor 16 may b e a conv e ntional Hall e ffect s e n s or. 

In a manner known to one of ordinary skill in the art, m ann e r, the actuator §j&se 
includes ^resilient displacement means. 
In conv e ntional manner, the 

The resilient displacement means comprise a spring 17 interposed between a face 18 
of the body 7 and a shoulder 19 of the rod 9 to urge the armature 12 towards the extreme open 
position, and a spring ^interposed between a face 21 of the cylinder head 4 and a shoulder 
22 on the valve stem 3 valve stem 3 in order to urge the valve 1 into the closed position. 

The actuator6, the cylinder head 4, and the valve 1 are arranged in such a manner that 
when the armature 12 is in the extreme closed position and the valve 1 is pressed against its 
seat 5, there existsjkmng clearance j or timing clearance between the first end 10 of the rod 9 
and the free end of the valv e st e m 3 valve stem 3 . 

Th e m e thod in accordance with th e inv e ntion e nable s the clearanc e j. to b e d e t e rmined 
whil e the engine is in operation. 

The method in accordanc e with the inv e ntion comprises a step of controlling the 
el e ctromagnets 11, 15 to mov e the moving m e mber 8 at substantially constant sp e ed from its 
extr e m e closed position towards its e xtr e m e open position. The trav e l sp e ed of th e moving 
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m e mb e r can b e k e pt constant as far as the extreme opon position or at least ov e r a distance 
that is gr e at e r than th e maximum po s sible clearanc e , given the geometrical charact e ristics of 
th e actuator, of the valve, and of the cylinder h e ad. 

Simultaneously, th e method includ e s a st e p of obtaining r e f e r e nce current values 

Reference electrical characteri stic values for intermediate positions of the moving 
member JLduring displac e m e nt movement of the moving member 8 from th e extrem e a closed 
position to th e extr e m e towards an open position or from an open position tow ards a closed 
position can be obtained bv a number of methods, including, but not limited to. s upply bv 
servo-control means, measurement or detection. The interm ediate positions of the moving 
member 8 can be supplied bv a p osition sensor 16. The reference electrical characteristic 
values ca n then be associated with the intermediate position s of the moving member 8. 

D etecting an . and a step of d e termining nn intermediate position of the moving 
member 8 in which the reference curr e nt electrical characteristic is subjected to a sudden 
change can be based on computing values of the derivative of the reference electrical 
characteristic relative to the position of the moving member 8. When this derivative is 
plotted as a curve, the curve presents peaks at the intermed iate posi tion corresponding to the 
point at which the moving member 8 comes into contact with the valve stem 3. The peak or 
peaks are the peak d erivative va lue or peak derivative values, respectively. As used herein, 
the term "peak derivative value" is the derivative value or derivative values corresp onding to 
the point at which th e curve presents peaks. 

The distance between the extreme closed position and the intermedia te position 
corresponding to the point at which the moving member 8 comes into contact with the valve 
stem 3 when the moving me mber is moving towards the open p osit ion can be deduced. This 
distance corresponds to the timing clearance i in the first e mbodiment. 

Likewise, as in the second embodiment, the distance between the e xtreme open 
position and the intermediate position when the moving member is mov ing towards the 
closed p osition can be deduced. This distance corresponds to the timing clearance i in the 
second embodiments 

Th e ref e renc e current is suppli e d by the servo control means (but it could b e m e asured 

or detected), and th e intermediat e po s itions of th e moving member 8 are supplied by th e 
position sensor 16. 
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Th e r e f e renc e curr e nt is th e n associat e d with the int e rm e diat e positions of the moving 
m e mber 8. 

D e t e cting the int e rmediat e position at which the r e fer e nc e curr e nt is subj e ct to a 
sudd e n chang e is pr e f e rably p e rform e d on th e basis of th o d e rivative of the reference current 
r e lativ e to the position of the armatur e 12. Wh e n this derivative is plotted as a curv e , the 
curv e pre se nts peaks at th e int e rmediat e position corr e sponding to th e point at which th e 
moving m e mber 8 m e ets the valve stem 3. 

Knowing th e extreme closed position, the distance betw e en said e xtreme clos e d 

position and th e abov e m e ntion e d int e rm e diat e position can b e d e duced. This distance 
corr e spond s to th e clearanc e j. 

With reference to the first embodiment, for example, taking a reference current as an 
example of the refere nce electrical characteristic, when the electromagneti c displacement 
means causes the moving member 8 to move from the extreme closed position to the extremg 
open position, the sudden change in the reference curren t is re presentative of a sudden 
increase occurring in the forc e op posing the mov ement of the movi ng member 8. This 
increase i n the opposing force produced bv the spring which moves the valve 1 towards the 
extreme closed p o sition whe rein the sprin g tends to oppose movement of the valve 1 towards 
the extreme open position an d the op posing force occurs at the moment wh en the moving 
member 8 comes into contact with the valve stem 3. This sudden chan ge in the reference 
current can be associated immediately with an intermediate position of the moving member 8. 
Knowing the extreme closed position and the intermediate position of the mo ving member 8 
at which the reference electrical cha racteristi c is subject to a sudden change, a precise value 
for the tim in g clearance can be easily deduced therefrom. 

Thus, while While_ the moving member 8 is b e ing displaccd moved from its extreme 
closed position to its extreme open position, the electromagnetic means can be controlled 
initially to bring the moving member 8 gently up to the abov e determin e d intermediate 
position corresp ondin g to the point at which the moving member 8 comes into contact with 
the valve stem 3 so as to put the moving member 8 into contact with the valv e st e m 3 valve 
stem 3. After bringing the moving member 8 up to the intermediate position corresponding 
to the point at whic h the moving member 8 comes into contact with the valve stem 3. the 
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moving m ember 8 which tho moving member « •can be accelerated once it is pressing against 
the valve stem. 

' During the displacem e nt of While moving the moving member 8 from the extreme 
open position to the extreme closed position, the electromagnetic means may be controlled 
firstly to bring the moving member 8 quickly to the above d e termined intermediate position 
corresponding to the point at which the moving me mber 8 comes into contact with the valve 
stem 3 in order to have rapid closure of the valvej,, after which the moving member 8 can be 
brought gently into the extreme closed position in order to limit contact noise between the 
armature 12 and the electromagnet 14. 

The timmg^clearance j. is proforablyc gnte determined periodically^JFor example 
onc e every se cond., the p eriod for determining the timin g clearance can include , but is not 
limited, one second. Further, the timing cl earance can be determined while u sing different 
modes of operation of the mech anical device in which the timing clearance is determined. 
This can depend on the speed o f the mechanical device and its m ode of op eration. 

With reference to the fi rst and second embod iments as well as the other envisaged 
embodiments referenced above, and for the c ase in which the embo diments are p erformed in 
an engine, the embodiment of the inventio n used can depend on the speed of an engine and its 
mode of operation. For instance, since implementation of the first or second embodiment of 
the invention does not interfere with normal operation of the actuator 6. thev d o not g enerate 
additional noise, and they can therefore be used at idling spe eds as well a s at normal 
operation speeds. Other envisaged embodiments which gives rise to n oisier op eration of the 
valve actuator 6. can be used wh en the eng i ne is starting or when the engine is op erating at a 
speed greater than some predetermi ned sp eed, such as 2000 revolutions per minute TrpmY 

Tho invention is not limited to tho implementation described above, but on the 
contrary cov e rs any variant in the ambit of th e invention as dofinod by tho claims. The 
foregoing description of embodime nts of the invention has been p rese nted for p urposes of 
illustration and description. It is no t intended to be exhaustive or to lim it the present 
invention to the precise form disclosed, and modifications and var iations are po ssible in light 
of the above teachings or mav be acquired from p ractice of the present invention. The 
embodiments were chosen and describe d in order to e xplain the principles of the present 
invention and its practical applicati on to enable one skilled in the art to utilize the present 
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invention in variou s embodiments and with various modifications as are suited to the 
particular use contem plated. 

In particular, the clearance j, can b e det e rmin e d using diff e r e nt mod es of op e ration 
d e p e nding on the speed of the engin e and its mode of operation. Thus, since implem e ntation 
of th e , abov e d e scribed method do e s not int e rf e re with normal op e ration of the actuator, it 
does not gen e rate additional nois e , and is ther e for e particularly suited to b e ing us e d at idling 
spe e ds. A m e thod of det e rmining clearanc e that gives rise to noisi e r operation of th e actuator 
can bo us e d when the e ngine is starting or when th e e ngine is running in normal op e ration 
mode at a sp e ed greater than som e predetermin e d speed, for exampl e 2000 revolutions per 
minute (rpm). 

In addition, th e m e thod of the inv e ntion may be impl e ment e d for th e displacem e nt of 

a moving m e mber towards the extreme op e n position as describ e d above, or towards the 
extreme clos e d position. Under such circumstances, the trav e l speed of th e moving member 
is maintained s ubstantially constant, e .g. from a middl e intermediate position of the armatur e . 
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ABSTRACT 

A meth od of dct ci mining clearance? botwcon a atom (3) of a valve (1) j n an e ngine (2) 
and a moving m e mber (C) uf o n electromagnetic actuator (7) comp risin g olc cUun iag i i et i o 
displacem e nt means (11,15) f o r moving the moving member between an ext re me o p e n 
position and an mrt reme cl ose d position of the ^alve, the elcctrom ngnpt i r d is p la cu u en t m e an , 
being controlled by servo co ntrol moans on the basis of a reference electri c al characteristic, 
the method it c o mprising th e bl eps of: controlling tho electromag n etic means t o o b t ain a 
displacement sp en d that L . ub .lnnti nlly constant for the moving m nmbn r betwe e n t he cAtiu n e 
closed position and the extreme open positi o n; obtaining values of the reference electrical 
characteristic for intermedia te po rtions of the moving memb e r; an d dart ing a n iu ten u e di ate 
position at which the reference electrical characteristic is subject to a sudden change. 

A method of determining timinp clearance bet w een a valve ste m and a movinp 
member usinp, an electromagnetic actuator comprising electr omagnet* an e lectromap net for 
moving the moving member from a cWH p osition toward s an onen position an H m 
electromagnet for movinr the moving memher f r om an open portion toward. a cWH 
position, each electromagnet being controlled on the basis of a referent, electric! 
characteristic, the method comprisin g: con trollinp an electroma gnet to obta in a displacement 
speed for a moving member a* the m^,;,,,, ™~ mber move, from one of a dosed position or an 
open position towards the other one of an onen not ion nr a closeH pos iti on : obtaining v.h.ec 
of a reference electrical characteristic for intermediate positions of the moving mm w 
detecting an intermediate position at which the refere n ce electrica l characteristic jg gubjgpj *» 
a sudden chang e 
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